Crime inequality in neighborhoods by race is commonly blamed on social inequalities borne out of segregation and economic discrimination. South Africa is a country synonymous with racial-spatial segregation and discrimination as a result of legislatively enforced policies of the former apartheid government. This study examines whether urban crime inequalities by race exist in the city of Tshwane, South Africa and applies the social disorganization theory to identify the empirical causes of these crime inequalities. Violent and sexual crime was found to concentrate in Black African neighborhoods, while property crime was concentrated in neighborhoods classified as "Mixed". The causes of crime in neighborhoods were found to vary across racial groups with results suggesting non-uniformity in the extent to which the various social disorganization constructs impact crime based on race. The results of this study challenge the notion that segregation and economic discrimination uniformly impacts affected communities. Explanations for the descriptive and empirical findings are provided in the context of an increasingly eclectic post-apartheid South African city.
Introduction
It is well-established that crime clusters in space. This is one of the theoretical underpinnings of the school of environmental criminology which argues that if the environment did not influence human behavior, crime rates would be distributed equally across the geographical structure, which of course they are not (Siegel, 2001) . Three main theoretical perspectives housed within the school of environmental criminology play a central role in understanding the relationship between crime and space: the routine activities theory (Cohen & Felson, 1979) , rational choice theory (Cornish & Clarke, 1986) , and crime pattern theory (Brantingham & Brantingham, 1991) . Although inherently different the general premise of these theoretical frameworks are the same in that they attempt to spatially link offenders with crime opportunities. The main aim of these and other spatial theories of crime are to identify what makes a place criminogenic, or rather, at an increased risk for criminal victimization.
Understandably, a plethora of studies have been forthcoming over the past few decades examining the association between crime and space. Notably, these studies have taken place at increasingly finer levels of spatial aggregation; the finest being the street segment where researchers have examined how the configuration (Davies & Johnson, 2015) , permeability (Wu, Liu, Ye, Leipnik, Lee, & Zhu, 2015) , and socio-demographic character (Weisburd, Figure 1: The city of Tshwane by race move into more affluent former Whites-only neighborhoods (see Hamann & Horn, 2015) and the retreat of particularly the White population into gated neighborhoods (Breetzke, Landman & Cohn, 2014) . The city of Tshwane is the capital city of South Africa and is located in the central Gauteng province. The city has a diverse social and economic structure and is a wellestablished destination for individuals arriving into the country, or from outside the province in search of employment. Breetzke & Horn (2006) note that it is this lure of employment and wealth in Tshwane from migrants that can be used to explain the magnitude and nature of crime in the city.
A number of studies have indicated that crime is post-apartheid South Africa is still primarily located in Black African township areas (see Breetzke, 2010; Schwabe & Schurink, 2000) . Overall crime levels remain high in the country post-apartheid despite a "honeymoon period" (Berg & Schärf, 2004, p. 61 ) from 1994-1996 during which crime levels dropped and momentarily stabilized. Explanations for the rise or continued high levels of crime in postapartheid South African cities are myriad and include rising levels of poverty (Maree, 2003) , unemployment (Blackmore, 2003; Brown, 2001) , income inequality (Demombynes and Özler, 2005) as well as the ready availability of alcohol, illegal drugs and firearms (Berg and Schärf, 2004; Maree, 2003) . Another more common explanation for the high crime rates in post-apartheid South Africa have linked the country"s unique socio-political history to ineffective social control mechanisms that imply high levels of social disorganization within certain communities (Berg & Schärf, 2004; Elder, 2003; Emmett, 2003; Maree, 2003) . Accordingly, a chain reaction was set in place under apartheid, which has seen a selfreinforcing cycle in which levels of crime and delinquency within certain regions of the country have created an ecological context that favours their perpetuation. There can be little doubt that the apartheid"s urban spatiality gave rise to socially disorganized communities which were almost exclusively Black African. According to Emmett (2003) not only did social disorganization lead to the breakdown of informal social control in Black African communities but also weakened the capacity of these communities to protect themselves against crime. This resulted in the continued rise of crime in these communities that has not dissipated in the post-apartheid-era. Kubrin and Weitzer (2003) outline four new substantive directions for social disorganization theory. Among those directions is the need for researchers to be cognisant of the urban political economy of the area under investigation. According to the researchers the urban political economy has received almost no attention in the social disorganization literature despite neighborhoods being largely shaped by urban political and economic forces.
Indeed, the priorities and decisions of local and national governments and business interests can have major effects on a neighborhood"s quality of life and that neighborhoods vary in their capacity to secure valued city services. There are few other countries in the world in which national and local governmental policies have had such a dramatic effect on shaping the urban environment, and possible consequences thereof, than South Africa; and even less in which the criteria governing the urban political economy of cities is race. Despite this few empirical studies have been forthcoming in the country examining the possible causes and consequences of the racially-stratified spatial urban layout in South Africa on crime levels.
The current study
The current study examines the spatial concentration of crime in the city of Tshwane, South Africa by race and aims to identify the empirical causes of these concentrations using the social disorganization theory as the theoretical backcloth. The spatial concentration of crime in Tshwane is first examined using the Pareto principle or "80/20" rule which states that 80% of some kinds of outcomes are the results of only 20% of the related causes. In the urban criminological literature the principle is employed in three main contexts, first, repeat criminals, where the notion is that 80% of the crimes in any given community are committed by 20% of the criminals; second, repeat victims, whereby 80% of the crimes victimizes 20% of the victims of crime, and third, crime hotspots where 80% of the crimes happen in 20% of a given policing precinct. We determine whether the principle applies to crime occurring across the city as a whole and then examine whether the principle applies to neighborhoods stratified by race. Next, we use spatial regression models to identify the empirical causes of these crime concentrations by race. Tshwane is the capital city of South Africa and is located in the central Gauteng province-the economic hub of the country. The city has a population of roughly two million residents and has a relatively heterogeneous social and economic structure.
Materials and methods

Data
Crime data for the city of Tshwane was obtained from the former Crime Information Duncan, 1957; Lefebvre, 1991) . In this study neighborhoods are likewise defined as a spatial unit created by an artificial geoboundarization process. However placebased studies demand that researchers identify a set of geographical boundaries to identify a place. This is especially important in that is gives greater proficiency to researchers to communicate their findings on how place affects the individual (Siordia & Saenz, 2013) .
Although the association between crime and place (or the neighborhood) is more contextual than causal, it is still nonetheless real (Davies, 2005) .
All the sociodemographic variables used in this study to represent social disorganization theory were drawn from Statistics South Africa"s 2001 census dataset. Four main social disorganization measures were operationalized based on the central tenets of the theory:
ethnic heterogeneity, socioeconomic deprivation, family disruption, and residential mobility.
The percentage of residents that are foreign born was utilized as a measure of ethnic heterogeneity. Prior operationalizations of ethic heterogeneity have used a racialized measure like the percent Black (see Ouimet, 2000; Rice & Smith, 2002) . In South Africa however the rich array of ethnic backgrounds including its four official racial groups (i.e., Black African, Colored, Asian or Indian; and White), and four main tribal groups each broken up into nine distinctive ethnic subdivisions makes such an operationalization crude and simplistic. Besides the aim of our study was to examine racial concentrations of crime so including a race-based variable in the analysis was deemed superfluous. unemployment and deprivation to both be among the strongest predictors of crime rates (see Cahill & Mulligan, 2003; Andresen, 2006; McCall and Nieuwbeerta, 2007 been associated with a lack of social cohesion and collective efficacy (Sampson & Groves, 1989 ) with the idea being that in highly mobile communities, residents are unlikely to know each other and will be less eager to notice and/or intervene in suspect situations. Previous research has largely demonstrated that communities with higher levels of residential mobility tend to experience higher levels of crime across most categories (see Andresen, 2006; Breetzke, 2010; Bernasco & Luykx, 2003; Ceccato & Dolmen, 2011) .
Descriptive analysis
Descriptive statistics of violent, property and sexual crime were calculated for neighborhoods across the city as a whole and then in neighborhoods categorized as predominantly Black African, White, and Mixed 5 . The Pareto principle was then tested by examining the percentage of neighborhoods accounting for 80% of crime. Again, this was done for all neighborhoods in the city as well as for neighborhoods stratified by race. Finally, descriptive statistics for the independent variables used in the regression analysis are provided.
Empirical analysis
Spatial regression models were fitted to test the spatial association between violent, property, and sexual crime rates and the selected independent variables at the neighborhood level. This was done for the whole city and then in neighborhoods stratified by race. Using the Lagrange Multiplier (LM) tests (LM-Error and LM-Lag), which tests the null hypothesis of no spatial dependence against alternatives of spatial error and spatial lag dependence respectively, strong evidence of spatial autocorrelation was found. Only the LM-Lag test statistic was significant, while the LM-Error statistic was not thereby motivating for the estimation of a spatial lag model.
The general functional form of the spatial lag model is:
Where y represents the crime rates per 1,000 population, Wy is the weighted mean of the local values of y in neighboring areas, p is the parameter, X is the set of motivators, B is a vector of coefficients to be estimated and ε is the error term. Spatial autocorrelation was modeled using a distance parameter due to the spatial structure of the data.
One final concern in the modelling process is multicollinearity. Multicollinearity makes determining the importance of any given variable difficult because the effects of the variables are confounded due to possible correlations between them. Such a situation is only problematic if a high degree of multicollinearity is present among the variables of interest.
This is not the case in the current analysis as bivariate correlations examined between the independent variables indicated only two relationships exceeding 0.80, a common threshold of concern (see Andresen, 2006) . Analysis was performed using the GeoDa spatial statistical freeware package (http://spatial.uchicago.edu/software).
Results
Descriptive
Descriptive statistics of the categorized violent, property, and sexual crime are provided in Tables 1-3 . A number of observations are worthy of mention. First, within the violent crime category, common assault accounts for more than half of all violent crime incidents reported in the city as a whole (see Table 1 ). Moreover, the two types of assault (common assault, and assault with intent to cause grievous bodily harm (GBH)) constitute roughly 88% of all violent crime recorded. Approximately 58% of all violent crime occurs in Black African neighborhoods followed by 29% in Mixed neighborhoods and 13% in White neighborhoods.
Black African neighborhoods on average experience almost four times more violent crime than White neighborhoods. The only crime type which is not most often prevalent in Black
African neighborhoods is culpable homicide, which is higher in Mixed neighborhoods.
The most common types of property crimes recorded in Tshwane are theft, and household burglary (see Table 2 ). Collectively these two types of property crime constitute roughly 67% of all property crime recorded in Tshwane. Very interestingly, and in contrast to the violent crime category, the largest amount of property crime occurs in Mixed (44%) and White (29%) neighborhoods compared with Black African (27%) neighborhoods. While both theft and burglary account for the majority of crime occurring in neighborhoods across all racial groups some interesting additional trends emerge. For example, household burglary is highest in White neighborhoods; while theft of car or motorcycle in both White and Mixed neighborhoods are on average over four times greater than in Black African neighborhoods. Only three types of crime were included in the sexual crime category, these included rape, attempted rape, and indecent assault (see Table 3 ). Sexual crime is notoriously under-reported in South Africa. Reasons for this have been found to be related to a general distrust in the SAPS (Coetzer, 2005) , fear of retaliation or intimidation by the offender (Vetten, 2014 ) and low conviction rates among perpetrators of sexual crime (Hirschowitz, Worku, & Orkin, 2000) , among others. It is anticipated however that this "sample" of data does somewhat reflect the greater patterns of this type of crime occurring within the city. Roughly 65% of recorded sexual crime occurs in Black African neighborhoods compared with 25% in Mixed neighborhoods and 10% in White neighborhoods. Rape accounts for the majority of sexual crime occurring in neighborhoods across all racial groups and is almost seven times higher in Black African neighborhoods than White neighborhoods and more than two times higher than in Mixed neighborhoods. The high standard deviations relative to the totals across all crimes and across all racial groups suggests great variability in crime between neighborhoods in the city as a whole and within each racial grouping.
The results of the test of the Pareto principle is provided in Most of the ten property crime types hover around the 20% Pareto line, although overall there is greater dispersion (see Figure 3) . Disturbingly house burglary was found to be the most dispersed property crime with 80% of house burglaries occurring in just over a third of neighborhoods in the city; this was followed by house robbery (32%) and theft (28%).
Overall the most concentrated property crimes are shoplifting and cash in transit heists variables suggest that scores are widely dispersed and vary considerably both across the city as a whole and within neighborhoods stratified by race.
Analytical
The results of the spatial regression models for the city as a whole were low with the pseudo-R 2 values ranging from 0.03 for the overall sexual model to 0.10 for the overall property model (see Tables 5-7) . Results were slightly more encouraging when the models were stratified by race with results for the violent crime models ranging from 0. In terms of violent crime, no measures of social disorganization were found to be significant in the overall model. Three measures were found to be the primary determinants of rates of violent crime in White neighborhoods across Tshwane: percent foreign born (negatively), percent renting (positively), and the percent divorced or separated (negatively). Mixed neighborhoods the percent moved in the last five years (positively) and the percent father absent or estranged (positively) were found to be significant.
In terms of property crime, the percent moved in the last five years (positively) and the percent father absent or estranged (positively) were found to be significant in the overall model. Again, the causes of crime were found to be different in neighborhoods stratified by race with the percent renting (positively) and the percent father absent or estranged 
Discussion
In terms of space, there is a general perception in South Africa that crime is ubiquitous (see Gwala, 2007; Rautenbach, 2013; Olivier, 2014 (Liu, Song, & Xiu, 2016) ; and New Zealand (Breetzke, 2013 In terms of race, the results we obtained were not as expected. Crime across all three broad categories was found to most often occur in Mixed neighborhoods (n =40%), followed by Black African neighborhoods (n =35%) and White neighborhoods (n =25%). One possible explanation for the concentration of crime in Mixed neighborhoods rather than Black neighborhoods as would be expected under the premise of social disorganization theory could be related to the inequitable distribution of police resources. The SAPS currently employ a Theoretical Resource Requirement formula to determine police resource allocation for each of its 1143 police stations. The formula has been criticized for being too complex and unwieldy (Redpath & Nagia-Luddy, 2015) The results of the regression analysis lie in stark contrast with various international and local explanations for the spatial concentration of crime by race (see Anderson, 1999; Peterson & Krivo, 2010; Sampson, 1987; Shihadeh & Ousey, 1998) . In these studies researchers routinely blame inherent social inequalities borne out of racial-spatial segregation and economic discrimination for disproportionate crime distributions by race.
Similar to the US, it is "Black" neighborhoods in South Africa that experience disproportionate concentrated disadvantage. Indeed, there is little doubt that Black African neighborhoods are still severely deprived in post-apartheid South Africa. The country has the highest rates of inequality in the world driven almost exclusively along racial lines (Seekings & Natrass, 2006) ; and, rather disturbingly, there is increasing evidence that this inequality is in fact increasing (Bhorat & van der Westhuizen, 2012) . Countrywide, more than 45% of Black Africans are unemployed compared with only 5% of Whites; White families earn on average more than six times what Black African families earn; and although Whites are only 10% of the economically active population but occupy more than 60% of the top management positions (Mngxitama, 2015) . Yet despite these worrying statistics we found that unemployment -a key indicator of economic disadvantage -was significantly and negatively related to all three types of crime. While this rather surprising finding lies in contrast to the tenets proposed by social disorganization theory it is not necessarily uncommon in the literature with researchers attributing an observed negative association between crime and unemployment to the complicated nature of this relationship (Kelly, 2000) , as well as the fact that the neighborhood unit of analysis most often does not adequately capture the relevant job market (Demombynes & Özler, 2005) . Another possible and more pertinent explanation for this finding could however be found in our earlier descriptive results. These results found that crime across all categories is spatially clustered within Black African neighborhoods. The fact that crime is spatial skewed within Black African neighborhoods suggests that concentrated disadvantage -whilst disproportionately high in Black African neighborhoods -may not necessarily affect all residents the same.
Both violent and sexual crime were found to most often occur in Black African neighborhoods but the Pareto principle still broadly applied within these communities. If it is concentrated disadvantage and/or economic inequalities driving violent and sexual crime in these communities, as most local and international literature suggests, it could be that some Black neighborhoods have either improved socio-economically and/or there are other factors within these disadvantaged communities that drive resilience to criminality. That is, despite their disadvantageous settings (i.e., high unemployment), certain Black African neighborhoods are resilient to crime. There is some evidence that cultural and/or other built neighborhood level factors can make residents of deprived neighborhoods resilience to the lure of crime (see Breetzke & Pearson, 2015) . According to the researchers factors such as access to healthcare facilities, community centres and leisure spaces have been found to play a role in this regard. Of course, individual and family circumstances can also overcome the adverse effects of concentrated poverty but these can paradoxically also leave a family more vulnerable to criminal elements.
The finding that mobility is a key determinant of crime in White and Mixed neighborhoods is supported by social disorganization theory and could speak to the difficulties South Africa has experienced in building a non-racial, non-discriminate society.
Whilst desegregation has certainly occurred, South Africa has struggled to engender true racial and spatial integration (see Bwalya & Seethal, 2016; Hamann & Horn, 2015) . One glaring example of this is the process of "resegregation" identified by Donaldson and Kotze (2006) . The researchers found that while a number of neighborhoods in post-apartheid South Africa have become more racially mixed others have "resegregated" and have gone through a cycle of becoming more mixed racially to becoming completely Black African largely due to White flight. Moreover, the increased fortification of neighborhoods in the country has impacted negatively on neighbourhood interactions between residents of different racial groups and has insulated "fortified" residents from contact with people deemed to be "out of place" in the suburb (Cronje & Spocter, 2016) . The positive spatial association between mobility and crime in White and Mixed neighborhoods coupled with the disproportionate amount of property crime in these neighborhoods could be an indication of the lack of assimilation that has occurred between the divergent racial groups in the country.
Of course, the perpetrators of these crimes are unknown so the explanations provided above are based on the assumption that offenders commit crime in the neighborhoods in which they reside. While there is some international evidence to support this (see Bernasco, 2006; Costello & Wiles, 2001; Snook, 2004) , none has been forthcoming from South Africa.
Race has, rather predictably, also played a central role in how crime in the country is rationalized and explained. Most often the racial and concomitant spatial inequalities, borne out of repressively enforced apartheid-era segregationist policies, have been used to explain crime in post-apartheid South Africa (see Breetzke, 2012 ) although a more sinister racial stigma is attached to its spatial distribution guided by the popular notion that crime disproportionately affects the minority White population (see Afriforum, 2009; Myburgh, 2009 ). The results of this research do no support this notion but rather indicate that the central tenets of the social disorganization theory apply equally, although not uniformly, in understanding crime distributions across neighborhoods stratified by race.
Limitations
There are a number of limitations which are acknowledged in this paper. First, is the underreporting of crime. The analysis that was undertaken in this study was done using data recorded by the SAPS. Using police data to measure crime has well-known limitations, particularly in South Africa (see Breetzke, 2006; Herbert & Harries, 1986) . Despite this however previous research has shown that using official police data usually produces results consistent with victimization surveys (see Ceccato & Dolmen, 2011; McDowall & Loftin, 1992) . Whilst request for police service data may provide a better measure of crime activity over this period this information is currently unavailable in the country. In any event, official records from the SAPS represent the only official and spatially replete crime dataset available in the country. Second, is the fact that the results of the study are applicable to the city at the time the data was captured (i.e., 2002-2007 (Schönteich, 2002) . The failure to disseminate crime data in the country is frustrating as it greatly hinders the ability of countries like South Africa to make a meaningful and vital contribution to current urban criminological theory and discourse. Should updated crime data be available to us in the future we would aim to determine the longevity of these patterns observed although previous international research has however shown that urban crime concentrations generally remain stable over a considerable period of time (see Weisburd et al., 2012) . Third, we acknowledge that certain types of crime can only be committed in certain locations; for example, shop-lifting (property crime) can only be located in neighborhoods with shops; similarly business robberies can only be located in neighborhoods with businesses. This has the potential to distort the descriptive findings made. In a similar vein, the at-risk population, nor the physical size of neighborhoods were taken into account.
It could be, for example, that one neighborhood is consistently ranked as being the most crime-ridden simply because it is the largest in area, and/or has the highest population. These concerns have validity however much of the appeal of the Pareto principle in crime analysis lies in its simplicity. The principle is not analytical but is a purely descriptive measure which allows users to look more broadly at where repeat offending is taking place. By identifying the small proportion of neighborhoods where a large amount of criminal activity is concentrated allows police to better direct crime prevention efforts. Incidentally, despite these legitimate concerns, the central tenets of the Pareto principle still held true across almost all 23 crime types both across the city as a whole and across neighborhoods stratified by race.
Finally, the study is context-and time-specific. In terms of the former, it could be that crime distributions in other cities in South Africa exhibit different patterns that may conform less to the Pareto principle than displayed here or that the empirical causes of crime in neighborhoods stratified by race are different in another context. In terms of the latter, the results presented here are applicable to a specific point in time in Tshwane. Both the crime and census data reflect the early 2000s and the results are applicable to that period. While the socio-demographic transformation of South African cities from democracy to the present period has been described slow and sluggish (see African Development Bank, 2016) it is possible that some significant associations found in this study may have changed. Future research should aim to replicate this type of research in cities in other countries and/or within South Africa that are distant and distinct from Tshwane and using more recent data.
Conclusion
In their thorough review of the crime-race literature Peterson and Krivo (2005) outlined five directions that scholars should follow in order to broaden knowledge on this important field in urban criminology. One key suggestion was for future research examining the crime-race linkage to take place in contexts outside the US. Drawing comparisons to other racially and ethnically diverse societies would, according to the researchers, go a long way toward revealing the patterning and etiological complexity that characterizes racial and ethnic inequalities in crime. We have taken up the challenge of Peterson and Krivo and made some progress in understanding the race-crime linkage in a country synonymous with crime and race. In doing so, we believe that we have made a number of valuable contributions. First, crime does spatially concentrate in segregated and marginalized communities in contexts outside the US. However the South African context differs from the US in two important ways: first, US studies of this nature are characteristically based on the segregation of minorities, for instance African Americans or Hispanics. In a South African context, it is the majority Black African population (currently over 85% of the population) that were previously legally segregated from the minority; and are still currently segregated. Second, residential racial segregation in the US has predominantly been "voluntary" insofar as the segregation was not legislatively enforced. In contrast, the South African context is characterized by the historical legal segregation and marginalization of certain majority groups. Regardless of these differences we have however found that crime does still concentrate in these communities. Second, crime is spatially concentrated within neighborhoods stratified by race. We found that not only is crime spatially concentrated in Black African and Mixed neighborhoods but it is also spatially skewed within these communities. That is, crime does not uniformly occur across segregated and marginalized communities. This poses serious questions to the notion that racial and ethnic inequalities in crime can be attributed solely to disempowerment, inequality, marginalization, and concentrated disadvantage. Peterson and Krivo (2010) demonstrate how residential segregation creates and maintains inequality in neighborhood crime rates throughout the US.
Our research has shown that desegregation may also have a role to play in explaining racial and ethnic inequalities in crime. Finally, both the Pareto principle and social disorganization theory have some applicability in a South African context. Whilst exact percentages did vary roughly 80% of crime across almost all categories in Tshwane was found to occur in roughly 20% of potential locations while certain main tenets of the social disorganization theory were found to be significant in the models.
Recently leading environmental criminologists have argued that a turning point in the developmental career of criminology is warranted that is grounded in the knowledge that place matters (see Weisburd, Eck, Braga, Telep, et al., 2016) . In this study we have found that urban geography matters in South Africa in terms of crime and its distribution by race. In doing so we believe that we have contributed to the existing and well-established theories, and hypotheses currently espoused by mainly "Western" criminologists investigating this important criminological area of interest. 4. The definitions of the crime types can be found at SAPS (2014).
5. Whereas other researchers (see Krivo & Peterson., 1996; McNulty, 2001 ) typically categorize census areas by race based on a 70% dominance, the structure of South African society allowed an even more stringent cut-off to be made (i.e., 80%) whilst still maintaining enough neighborhoods in each category to conduct race-specific crime counts and percentages. Mixed neighborhoods were neighborhoods which did not fit into either the 80% Black African or 80% White category.
